Abstract: The Taita Hills-Galana River region is a key area to demonstrate the polycyclic nature of the Mozambique Belt in SE Kenya. On the basis of petrological and tectonic data, this area is composed of two different granulite-facies terranes, which are separated by the 20-30 km wide Galana Shear Zone. The Taita Hills and adjoining Sagala Hills exhibit a metamorphic overprint at 630-645 Ma, similar to areas in Tanzania. An emplacement age for the magmatic precursor rocks of 850-960 Ma was derived from zircon cores. SmNd garnet-whole-rock analyses give an age of 585 Ma, interpreted as the cooling age after 630-645 Ma metamorphism. Nd crustal residence ages are between 1000 and 1500 Ma. The Galana Shear Zone east of the Taita Hills contains strongly deformed tonalitic migmatites with interlayered pegmatites that date a younger tectonometamorphic event at 560-580 Ma. East of the shear zone only a young metamorphic age of 550 Ma was found. The Nd model ages are c. 1500 Ma to c. 2900 Ma. In a continental configuration prior to Gondwana break-up our study area was located close to Madagascar, where several large shear zones are observed. One of these shear zones (Ranotsara Shear Zone) may be a continuation of the Galana Shear Zone.
The late Neoproterozoic Mozambique Belt of East Africa (Holmes 1951) extends from Mozambique to Ethiopia through Madagascar, Malawi, Tanzania and Kenya (Fig. 1) , and is composed of deformed high-grade rocks of different ages. The high-grade terranes of the Mozambique Belt in East Africa and the lower-grade terranes of NE Africa and Arabia (ArabianNubian shield) together make up the East African Orogen (Stern 1994) . Most current models suggest that the East African Orogen resulted from late Neoproterozoic 'Himalayan-type' continentcontinent collision between Neoproterozoic India and the Congo-Tanzania-Bangweulu continent (Dewey & Burke 1972; McWilliams 1981; Key et al. 1989; Meert 2003; Boger & Miller 2004; Collins & Pisarevsky 2005) following closure of the 'Mozambique Ocean' (Hoffman 1991; Stern 1994; Shackleton 1996) .
The peak of regional granulite-facies metamorphism in the Mozambique Belt of Tanzania was dated between 620 and 640 Ma on the basis of sensitive high-resolution ion microprobe (SHRIMP) and secondary ion mass spectrometry (SIMS) analysis on metamorphic zircons and monazite (Coolen et al. 1982; Möller et al. 2000; Muhongo et al. 2001; Kröner et al. 2003; Sommer et al. 2003 Sommer et al. , 2005 Tenczer et al. 2006) . In northern Mozambique metamorphic zircons grew at c. 615 Ma (Costa et al. 1994; Kröner et al. 1997) , in southern Malawi at c. 550-580 Ma (Kröner et al. 2001) , and in Madagascar at 520-630 Ma (Ashwal et al. 1999; Kröner et al. 2000; De Wit et al. 2001; Collins et al. 2003c; Cox et al. 2004) . Stern (1994) argued that the East African Orogen evolved through the c. 900 Ma break-up of the supercontinent Rodinia and subsequent amalgamation of Gondwana. He proposed two episodes of metamorphism, the first occurring at c. 700 Ma during continent-continent collision; the second at c. 500 Ma during crustal thickening, which either was associated with a second, younger continent-continent collision or was the product of eastward crustal thickening progression across the c. 700 Ma collision. Meert (2003) suggested that two major tectonometamorphic events occurred between 750 and 530 Ma, but he provided no structural or petrological data to support his claim. In his view, ages extending from 750 to 620 Ma reflect the East African Orogen, whereas younger ages between 570 and 530 Ma are attributed to a second major episode, referred to as the Kuunga Orogeny. Collins & Pisarevsky (2005) named the younger event the Malagasy Orogeny in Madagascar and Eastern Africa. They argued that the Kuungwa Orogeny is restricted to the orogeny formed by the collision of India with East Antarctica-Australia and the coeval Malagasy Orogeny is related to the collision of India with an assembled Congo-Azania-Bangweulu continent.
The strongly deformed granulite-facies metamorphic rocks found throughout the Mozambique Belt make it difficult to reconstruct the original evolutionary history of the belt. It is difficult to recognize individual tectonic domains that experienced similar deformation and metamorphic histories. Furthermore, the exhumation and cooling history of these high-grade terranes are not well understood. The aims of this paper are: (1) to report single zircon and garnet-whole-rock ages from the Taita Hills and parts of the Tsavo East National Park (Galana River) (Fig. 2) ; (2) to compare domains of different ages in the Taita Hills and Tsavo East National Park area, by means of petrographic and structural features, with similar areas in East Africa and Madagascar.
Geological setting
Our study area is situated in southeastern Kenya within a rectangle defined by longitudes 388 and 398E and latitudes 38 and 48S (Fig. 2) . It predominantly comprises the Taita Hills (near Voi), bordered by the Tsavo West National Park and the Nairobi-Mombasa main road and parts of the Voi-South Yatta area along the Galana River within the Tsavo East National Park. Based on structural considerations the area is subdivided into four major units.
Unit 1 (east Galana River). Basement rocks including migmatitic biotite-plagioclase-quartz AE amphibole AE garnet-bearing gneisses and orthogneisses, thin quartzites, coarse-grained marbles, hornblende gneisses and garnet amphibolites with an average SW-NE plunge of 20-408 are well exposed along the Galana River (Fig. 2) . Strongly deformed calc-silicate rocks are usually found along contacts of marbles with gneisses.
Unit 2 (Galana Shear Zone). The region occupied by the western Galana River is underlain by a 20-30 km wide strike-slip zone with steeply dipping foliation planes (.708) and a dip direction towards the WSW. A change in rock type is observed in this unit from east to west: the eastern part shows similar rock types to those observed in Unit 1 (Fig. 2) . Farther west, metasedimentary units become rare, and the main rock types are amphibole-bearing migmatitic orthogneisses (meta-tonalites), which enclose pegmatitic and granodioritic veins as well as interlayered amphibolites and mafic granulites (Hauzenberger et al. 2004) . Intense ductile deformation under high-grade metamorphic conditions is indicated by flow folds and pinch-and-swell structures of pegmatites.
Unit 3 (Sagala Hills Zone). A c. 10 km wide zone with foliation planes striking NNW-SSE is developed between the Unit 2 and the Unit 4 (Taita Hills). This zone is characterized by elongated and isoclinally folded migmatitic garnet-and amphibole-bearing orthogneisses. Alternating centimetre-to decimetre-wide mafic and felsic bands are common in some areas, whereas metasedimentary rocks are absent (Fig. 2) .
Unit 4 (Taita Hills). The geology of this region and adjacent areas were mapped by Parkinson (1947) , Horkel et al. (1979) and . These workers applied a lithostratigraphic subdivision to the Kasigau and Kurase Groups established by Saggerson (1962) . The Taita Hills are a slightly north-dipping nappe stack with several 20-50 m wide ductile thrusts (Fig. 2) . A zone of small ultramafic bodies, now mainly strongly weathered serpentinites, were interpreted as a lithostratigraphic boundary (Frisch & Pohl 1986 ) between the Kurase Group and the overlying Kasigau Group. The southern part of the Taita Hills belongs to the Kurase Group and consists of amphibole-biotite-plagioclase-quartz AE garnet AE scapolite AE clinopyroxene-bearing migmatitic (ortho-) gneisses, biotite-garnet-kyanite-sillimanite-plagioclase-quartz AE K-feldspar AE muscovite-bearing metapelites, marbles and amphibolites. In contrast, the northern part (Kasigau Group) mostly lacks metasedimentary rocks but shows abundant centimetre-to metre-wide amphibolite layers within amphibole-biotite-plagioclase-quartz AE garnet AE scapolite AE clinopyroxene-bearing orthogneisses. Migmatization is widespread, as are associated pegmatites.
Although the structures are different in Units 1 and 2, the calculated P-T conditions are similar, with peak P-T of 760-820 8C and 7.5-9.5 kbar, and a clockwise P-T evolution. Metamorphic temperatures in Unit 3 (Sagalla Hills zone) and Unit 4 (Taita Hills) were slightly higher, c. 760-840 8C, whereas pressures were significantly higher, at 10-12 kbar. Sillimanite growth around kyanite, garnet zonation patterns, mineral reaction textures, and P-T calculations constrain a near-isobaric cooling history (Hauzenberger et al. 2004) . Diffusional zoning profiles in garnets from this unit indicate very slow cooling (1-3 8C Ma À1 ) .
Analytical methods

Sample preparation
Approximately 1 kg of each sample was crushed to a grain size ,250 ìm using a jaw crusher and a tungsten carbide roller mill. The crushed material was sieved to a grain size between 63 and 200 ìm. Zircons were separated using a Frantz magnetic separator and heavy liquids. Grains for isotopic analysis were hand-picked during optical inspection under a binocular microscope. For separation of garnets a grain size between 150 and 300 ìm was used. After concentrating garnet with a Frantz magnetic separator, about 100 mg were hand-picked under a binocular microscope.
Cathodoluminescence and backscattered electron images
Representative zircons of each sample, selected by colour and morphology, were mounted in epoxy resin and sectioned approximately in half for cathodoluminescence (CL) and backscattered electron (BSE) imaging. Shackleton (1996) , Reeves & De Wit (2000) and Collins & Pisarevsky (2005) , showing major crustal units and location of study area. C, Cobue belt; ZA, Zambezi belt; LU, Lurio belt; EG, Eastern Ghats; NC, Napier Complex; RC, Rajner Complex; MG, Madagascar; SL, Sri Lanka.
This imaging was performed on a JEOL 6310 SEM at the University of Graz with operating conditions at 15 kV accelerating voltage and c. 10 nA beam current. CL images reveal internal structures with high-U (dark) and low-U (bright) domains. Some subtle zonation is often visible and is particularly useful for recognizing inherited cores and overgrowth patterns (e.g. Hanchar & Miller 1993; Vavra et al. 1996) .
Sm-Nd technique
Clean mineral separates were obtained by handpicking under a binocular microscope from well-defined sieve (150-300 ìm) and magnetic fractions. The analytical work was performed at the Laboratory of Geochronology, Department of Geological Sciences, University of Vienna. Mineral separates were washed in 2.5M HCl prior to decomposition and then rinsed repeatedly in distilled water to remove dust and surface contamination. Samples were digested in Savillex1 beakers using an ultrapure 5:1 mixture of HF and HClO 4 at 100 8C (1-2 weeks) on a hot plate. After evaporating the acids, repeated treatment of the residue using 5.8N HCl resulted in clear solutions for all samples. Upon cooling, c. 10% of the sample solution was split off and diluted with a mixed 147 Nd spike for determination of Sm and Nd concentrations. The REE fraction was extracted using AG1 50W-X8 (200-400 mesh, Bio-Rad) resin and 4.0N HCl. Nd and Sm were separated from the REE fraction using Tefloncoated HdEHP, and 0.24N and 0.8N HCl, respectively, as elution media. Maximum total procedural blanks were ,50 pg for Sm and ,100 pg for Nd. Sm and Nd isotope dilution as well as the Nd isotope concentration fractions were loaded as nitrates and measured as metal species from a Re double filament in the static mode, using a multicollector FINNIGAN1 MAT262 mass spectometer. A 143 Nd/ 144 Nd ratio of 0.511854 AE 0.000009 (n ¼ 19) was determined for the La Jolla (Nd) international standard during the period of investigation. Considering replicate analyses, spike calibration and blank contribution, the maximum error on the 143 Nd/ 144 Nd ratios is estimated at c. 1.0%, and regression calculation is based on this uncertainty. Isochron calculation follows Ludwig (1999) , and ages are based on a decay constant of 6.54 3 10 À12 a À1 for 147 Sm (Lugmair & Marti 1978) . A linear evolution of Nd isotopes is assumed throughout geological time (Goldstein et al. 1984) .
Sensitive high-resolution ion microprobe reverse geometry (SHRIMP-RG) procedure
Zircons were hand-picked and mounted in epoxy resin, together with chips of the Stanford zircon standards RG6 and R33. These two standards were checked against the Perth Consortium standard CZ3 and the Canberra zircon standard SL3. Isotopic analyses were performed by SHRIMP-RG at Stanford University. The analytical procedures have been described by Compston et al. (1992) , Claoué-Long et al. (1995) and Nelson (1997) . The 1ó error in the ratio 206 Pb/ 238 U during analysis of all standard zircons during this study was between 0.62 and 1.53%. This range represents the uncertainty in the regression calibration. Primary beam intensity was between 2.0 and 10.0 nA, and a 100 ìm diameter Köhler aperture was used, giving a slightly elliptical spot size of about 30 ìm. Data reduction followed the method described by Nelson (1997) , and common Pb corrections were applied, assuming that common Pb is surface related (Kinny 1986 ) and, therefore, using the isotopic composition of Broken Hill galena. One sample (A25) had unusually high contents of common lead and was therefore corrected after Stacey & Kramers (1975) . The analytical data are presented in Table 1 . Errors for individual analysis (1ó) are based on counting statistics and include the uncertainty of the standard. Stern (1997) provided a detailed account of the counting error assessment for SHRIMP-RG analyses. Errors for pooled analyses are at 2ó (95% confidence level). The ages and 2ó errors of intercepts of the best-fit lines with concordia were calculated using the Isoplot program of Ludwig (1999) . These errors were not multiplied by the square root of the MSWD as the absolute value of the intercept error is strongly model dependent.
Sample description, zircon and garnet ages, and Nd whole-rock isotopic systematics Samples were collected from all four geological units; namely, the eastern part of the Galana River (Unit 1), the Galana Shear Zone (Unit 2), the Sagala Hills Zone (Unit 3) and the Taita Hills (Units 4a and b) (Fig. 2) . Below we present new SHRIMP zircon data, Sm-Nd garnet-whole-rock ages and whole-rock Nd systematics for gneisses of the Mozambique Belt in SE Kenya.
Migmatitic gneisses and mafic granulites from the east Galana River (Unit 1)
Sample K13 is a garnet-biotite-K-feldspar-plagioclase-quartz-ilmenite-bearing strongly migmatized gneiss. Its geochemical composition classifies this rock as meta-granodiorite. The zircon population consists of clear prismatic, 200-300 ìm long grains with well-rounded terminations. CL images show some internal structures such as bright and dark zones around older cores (Fig. 3a) . A total of seven spots on several grains were analysed by SHRIMP-RG (Table 1) , and an upper concordia intercept age of 550 AE 14 Ma was obtained (Fig. 4) for rim measurements from metamorphic overgrown grains. This is interpreted as the age of granulite-facies peak metamorphism and migmatization.
The whole-rock and a clear, red-coloured garnet fraction with grain sizes between 150 and 250 ìm were analysed for Sm and Nd isotopes. Garnet-whole-rock regression defines an age of 548 AE 6 Ma (Table 2) , which is identical to the zircon age. The 147 Sm/ 144 Nd ratio of the wholerock is 0.132748; close to that for typical continental crust (Taylor & McLennan 1985) . The E Nd(t) value of sample K13 for an age of 550 Ma is À0.5, whereas the apparent mean crustal residence age is c. 1460 Ma (Table 2) .
Sample K57 was collected about 5 km upstream from K13 along the Galana River and belongs to a slightly migmatitic mafic layer intercalated within the gneissic rocks (Fig. 2) . The mineral assemblage is hornblendegarnet-plagioclase-quartz-ilmenite. The measured 147 Sm/ 144 Nd ratio is 0.1628, and a mean crustal residence age of c. 2940 Ma was obtained (Table  2) . However, there is some uncertainty in this model age because of the relatively low-angle intersection with the depleted mantle evolution curve.
Migmatitic gneisses and pegmatoids from the Galana Shear Zone (Unit 2)
In Unit 2 a change in geology is observed, with an increase in subvertical foliation planes caused by a shear overprinting. The dominant rock type in this unit is a migmatitic tonalitic gneiss consisting of hornblendeplagioclase-quartz-ilmenite and only rare garnet. Three samples were taken from the scenic spot, Lugard's Falls, located in the Tsavo East National Park. The gneisses contain both concordant and slightly discordant 'pinch-and-swell-like' 5-30 cm wide pegmatitic layers (Fig. 5) . Although their colour varies from white to pink, these pegmatitic rocks do not substantially vary in their mineralogical assemblage, which is K-feldspar + plagioclase + quartz. Zircons were extracted from one migmatitic tonalitic sample (KGB35), a white, concordant pegmatite sample (LF1) and a pinkish, slightly discordant pegmatite sample (LF2). Sample KGB35 has long-prismatic, clear to light brownish 200-300 ìm idiomorphic zircons with a core consisting of concentric growth zones and a newly grown idiomorphic rim (Fig. 3b) . Some zircons show a small inclusion-rich zone with irregular or disturbed growth between the rim and the core. Ten spots on zircon cores and rims were analysed by SHRIMP-RG. Six spots in zircon cores were analysed and can be fitted to a chord providing a concordia upper intercept age of 970 AE 14 Ma. This is interpreted as reflecting the time of emplacement of the original tonalite from which the migmatitic gneiss was derived (Fig. 6 , Table 1 ). One additional core-spot yielded a concordant age of 1030 AE 9.3 Ma (Fig. 6 , Table 1), which is interpreted as a xenocryst. From three metamorphic zircon rim analyses only one analysis was found to be concordant. As the the two other spots are highly discordant we calculated a concordant age for the third spot instead of applying a regression line through only three data points for a concordia intercept age. The calculated concordant age of 638 AE 1.8 Ma (Fig. 6 , Table 1 ) is interpreted as a metamorphic overprint during the East African Orogeny. This age is similar, within errors, to the age of Late Proterozoic metamorphism in central and east Tanzania (Möller et al. 2000; Sommer et al. 2003 Sommer et al. , 2005 .
Sample LF1 has well-rounded, 200-400 ìm brownish to pinkish zircons with delicate internal structure (Fig. 3c ). Ten spots were analysed and yielded concordant and slightly discordant ages. A line fit through all data points provided an upper intercept age of 580 AE 9.7 Ma (Fig. 7 , Table 1 ), which probably approximates the time of pegmatite emplacement.
Sample LF2 contains clear elongated, 200-300 ìm zircons with rounded terminations. A slightly concentric growth pattern is observed in some zircons (Fig. 3d) . Eight spots on cores and rims were analysed and produced mostly concordant ages around 560 Ma. Six spots were selected for calculating a concordant age of 564 AE 7.4 Ma (Fig. 8, Table 1 ), which is seen as reflecting the time of pegmatite emplacement. The structural relationship between the host rock KGB35 and these pegmatitic veins reflects late deformation in this area between 560 and 580 Ma.
As the tonalitic rocks lack garnet, a garnet-bearing paragneiss sample K72 was collected for Sm-Nd garnet-whole-rock dating. This sample is from a locality about 2 km west from the boundary of Units 1 and 2, and consists of garnet-biotite-K-feldspar-plagioclase-quartz-ilmenite. A whole-rock powder and clear pinkish garnets, 150-250 ìm in size, were analysed for Sm-Nd isotopes, and a well-defined Sm-Nd tie-line age of 529 AE 6 Ma was obtained (Table 2) , which is significantly younger than the SHRIMP U-Pb age from this unit. We interpret this as a cooling age. The closure temperature of the Sm-Nd isotopic system in garnet depends, among other factors, on grain size, cooling rate and deformation, and is estimated to lie between c. 600 and 800 8C (Ganguly et al. 1998) . As the above sample occurs in a strongly deformed shear zone, a lower closure temperature, probably around 600-650 8C, can be envisaged. The 147 Sm/ 144 Nd ratio for the whole rock is 0.092, and a mean crustal residence age of c. 2890 Ma can be calculated (Table 2) . 
Migmatitic orthogneisses from the Sagala Hills Zone (Unit 3)
The c. 10 km wide zone adjoining the shear zone to the west consists predominantly of migmatitic orthogneisses with some interlayered mafic bands. Sample 142 is a garnet-hornblende-plagioclase-quartz-bearing migmatitic gneiss taken from a small hill north of Voi. Sample K209 is a garnet-hornblende-plagioclase-quartz-magnetite-bearing migmatitic gneiss collected within the Sagala Hills (Fig. 2) . Sample 142 contains clear to light brownish, long-prismatic, 200-300 ìm zircons with slightly rounded terminations and with a variably structured core and a homogeneous rim (Fig. 9a and b) . Twelve spots of zircon cores were analysed. A fit through all data points yields an concordia upper intercept age of 857 AE 13 Ma (Fig. 10, Table 1 ). We interpret this age to reflect the time of emplacement of the gneiss precursor. One spot on a zircon rim was analysed and a concordant age of 629 AE 6.8 Ma was calculated (Fig. 10, Table 1 ), which is considered to reflect the age of granulite-facies metamorphism.
Zircons from sample K209 are clear to light pinkish and long-prismatic with a size of about 100-300 ìm. Most grains have well-rounded terminations, typical of rocks that experienced high-grade metamorphism (Hoskin & Black 2000) , and show only weak internal growth structures. Seven spots were analysed by SHRIMP-RG, and a linear fit through all data points results in an upper concordia intercept age of 955 AE 44 Ma (Fig. 11, Table 1 ). This is significantly older than the age of 857 AE 13 Ma for sample 142 and is interpreted as the magmatic emplacement age of the original tonalite.
Clear, pinkish garnets, 150-300 ìm in diameter, were separated from sample K209. The Sm-Nd garnet-whole-rock tie-line corresponds to an age of 584 AE 6 Ma (Table 2 ). This is significantly younger than the age obtained by SHRIMP-RG on zircon rims from sample 142, and we therefore interpret this date as a cooling age. Garnet zonation patterns from metapelites from the nearby Taita Hills (Unit 4a) indicate very slow cooling rates (c. 1-3 8C Ma À1 ) for this area (Hauzenberger et al. 2004 , and this slow cooling may be responsible for late closure of the Nd isotopic system. The 147 Sm/ 144 Nd ratio of 0.2 (Table 2) for the whole-rock of this sample is unusually high and may indicate modification of the Sm-Nd systems within the crust (e.g. REE fractionation during high-grade metamorphism). The low-angle intercept with the depleted mantle evolution curve results in a poorly constrained apparent mean crustal residence age of 1780 Ma (Table 2) . 
Migmatitic orthogneisses from the south Taita and north Taita Hills (Units 4a and b)
Migmatitic garnet-hornblende-biotite-plagioclase-quartz-scapolitebearing orthogneiss sample A25 was collected in an abandoned quarry along the Mwatate-Wundanyi road (south Taita Hills, Unit 4a). The zircon population consists of clear to light pink, long-prismatic, 100-200 ìm zircons with rounded terminations. Inherited cores with irregular zoning are surrounded by broad metamorphic rims in some grains (Fig.  9c) . As only four spots with large analytical errors were obtained we forced the chord through the origin. The four spots of zircon rims yielded an upper intercept age of 640 AE 55 Ma (Fig. 12, Table 1 ).
Garnet-biotite-plagioclase-quartz-bearing migmatitic granodioritic gneiss sample K37 was collected close to Wundanyi, along the old Voi road (south Taita Hills, Unit 4a). Feldspar augen can be seen in some parts of the migmatitic rock, indicating its magmatic origin. The zircons are long-prismatic, clear to light brown, with slightly rounded terminations and irregular oscillatory zoning (Fig. 9d) . Eight spots on several zircon grains were analysed and provided an upper concordia intercept age of 644 AE 15 Ma (Fig. 13, Table 1 ). We interpret this Neoproterozoic age as reflecting syntectonic emplacement of the gneiss precursor. However, the highly disturbed oscillatory zoning and the low Th/U ratio might also indicate a metamorphic age.
Red-coloured garnet, 125-250 ìm in diameter, together with the whole-rock, defines a Sm-Nd tie-line corresponding to an age of 586 AE 6 Ma (Table 2 ). This age is similar to the result for sample K209 from the Sagala Hills Zone and is interpreted as a cooling age. This is also in good agreement with younger 40 Ar/ 39 Ar hornblende cooling ages of c. 560 Ma from this area (Bauernhofer 2003) . The 147 Sm/ 144 Nd ratio for the WR is 0.102776, which is typical for crustal rocks. The E Nd(t) value at 640 Ma is 2.46, whereas the apparent mean crustal residence age is c. 1080 Ma.
Garnet-hornblende-plagioclase-quartz-magnetite-bearing migmatitic orthogneiss sample K120 (meta-tonalite) belongs to the Kurase Group, north Taita Hills (Unit 4b). This sample contains slightly elongated, pinkish zircons, 200-400 ìm in length, with heterogeneous internal structures and rims ( Fig. 9e and f) . Eleven spots on rims and cores were analysed by SHRIMP-RG. One core-spot yielded a concordant age of 1441 AE 13 Ma (Fig. 14a, Table 1 ), and is interpreted to reflect a xenocryst. The other six core-spots yielded an upper intercept age of 845 AE 20 Ma (Fig. 14a, Table 1 ), which we interpret as representing the time of emplacement of the gneiss precursor. Four spots were analysed on the c. 30-40 ìm wide homogeneous rims and yielded an upper intercept age of 641 AE 26 Ma (Fig. 14b, Table 1 ), which is considered to reflect a metamorphic overprint.
The garnets of this sample are inclusion-rich and, therefore, a small grain size of 100-150 ìm was used for Sm-Nd dating. The garnetwhole-rock tie-line has only a small spread in 147 Sm/ 144 Nd, which causes a large uncertainty in the result, and an age of 537 AE 19 Ma (Table 2) can be calculated. As in previous cases, this is interpreted as a cooling age. The younger age of this samples compared with samples K37 and K209 may be due to clinozoisite inclusions in garnet that were not observed during handpicking. The 147 Sm/ 144 Nd ratio of the whole rock is 0.17321, indicating a large error owing to a low-angle intercept with the depleted mantle evolution curve, and the E Nd(t) value at 640 Ma is 4.72. The apparent mean crustal residence time is c. 1410 Ma. 
Summary of age data
Part of the chronological information of the present study is based on Sm-Nd garnet-whole-rock 'isochrons'. Basically, such two-point regression ages must be viewed with caution if they are not reproduced within a set of different samples from coherent tectonometamorphic units, or by different isotopic systems. For the present case, however, the Sm-Nd garnetwhole-rock ages may be interpreted as significant chronological dates, as they fit the regional geological picture discussed below rather well. Our data include information on both the magmatic and metamorphic evolution of the units described above. One outcome of our research is that throughout the study area the emplacement ages of various magmatic rocks, which vary between 850 and 980 Ma, are distinctly older than the ages of the metamorphic overprint. The Nd crustal residence ages suggest the existence of two different crustal blocks that probably were assembled during the East African Orogeny. These crustal blocks are separated by the Galana Shear Zone. The Taita and Sagala Units (Units 3 and 4; Fig. 2 ) with model ages younger than 1500 Ma, contrast with the older age group (.2500 Ma) within the Galana River Units (Units 1 and 2; Fig. 2 ). The Sagala Hills Zone and Taita Hills (Units 3 and 4), with young crustal model ages and metamorphic ages between 630 and 645 Ma, resemble the NE Tanzanian granulites of the Pare and Usambara mountains (Möller et al. 2000; Muhongo et al. 2001) . We therefore interpret the Taita-Sagala Hills as part of the Eastern Granulite block exposed in NE Tanzania. The east Galana River Unit in the east is interpreted as a reworked fragment of the Archaean crustal block exposed in central Madagascar and referred to as Azania by Collins & Pisarevsky (2005) .
The metamorphic evolution within the belt is diachronous and varies significantly between the various crustal units. Two metamorphic phases, accompanied by minor magmatic activity, can be distinguished. Ages characterizing the peak of high-grade metamorphism of c. 630-645 Ma were obtained from the western units (i.e. Taita and Sagala Hills). These data include SHRIMP data for metamorphic zircon rims interpreted to reflect conditions at peak granulite-facies metamorphism and Sm/Nd ages considered to reflect slow cooling. Only the protoliths of minor orthogneisses were emplaced at 644 Ma, roughly coinciding with peak metamorphism in the Taita Hills. In contrast, exclusively young ages between 550 and 580 Ma are found in the east Galana River Unit. Data from the Galana Shear Zone include both age groups, one around 638 Ma and one around of 560-580 Ma. Hence, this zone is interpreted to reflect a domain of polyphase tectonic mobility that was first metamorphosed during an event at c. 640 Ma and then reworked during a second metamorphic phase at c. 570 Ma. A penetrative deformation with dominant sinistral shear was overprinted by localized dextral shear, and the second phase of deformation was accompanied by localized pegmatite intrusions dated at 560-580 Ma. These pegmatites reflect only the late, dextral fabrics. The distribution of ages is summarized in Figure 15 .
Discussion of previous geochronological results and regional implications
Before discussing the regional distribution of age groups and implications for Gondwana amalgamation we briefly summarize the key features and differences in structural styles across our study area. The western Taita Unit exhibits dominantly SW-to west-directed thrusting, similar to conditions that prevailed during transport of nappes towards the Archaean Tanzania Craton (Mosely 1993; Fritz et al. 2005) . in contrast, the eastern Galana Unit shows structures implying top-to-the-east transport, as observed also in central and northern Madagascar (Collins et al. 2003a, b) . Both the Sagala Hills Zone and the Galana Shear Zone include vertical foliations and horizontal stetching lineations typical of strike-slip shear zones. These shear zones were described by Mosely (1993) and Martelat et al. (2000) , and played an important role during late-stage consolidation of Gondwana.
Structures within the Galana Shear Zone provide additional information on the accretion history within the Mozambique Belt. Penetrative sinistral fabrics developed during high-grade metamorphism around 630-645 Ma and overprinted magmatic rocks that formed at 850-980 Ma ago. These structures were, in turn, overprinted by dextral fabrics that are preferentially localized in small granitoid and pegmatite intrusions dated around 560-580 Ma. We therefore conclude that the Galana Shear Zone 
Comparison with previous geochronological results from Kenya
The age of emplacement of magmatic rocks and of metamorphism is reasonably well documented in most areas of the Mozambique Belt in Tanzania. A complete list of available Neoproterozoic to earliest Palaeozoic ages from Gondwana has been given by Meert (2003) . Recently published papers on Tanzania and Madagascar have significantly increased the number of precise magmatic emplacement and metamorphic ages (Ashwal et al. 1999; Tucker et al. 1999; Kröner et al. 2000; Möller et al. 2000; De Wit et al. 2001; Muhongo et al. 2001; Sommer et al. 2003 Sommer et al. , 2005 Tenczer et al. 2006) . In contrast, relatively little is known about the age distribution in Kenya, and we therefore now focus on a comparison of our data with published ages from Kenya. Key et al. (1989) reported Rb-Sr whole-rock isochron ages, two Sm-Nd garnet-whole-rock ages, and K/Ar biotite ages from the Mozambique Belt of central Kenya. They distinguished several zones based on structural elements that formed during different tectonic events. By reinterpreting the Rb-Sr whole-rock data of those workers, a picture emerges that is similar to that seen in our study area. The oldest age around 1200 Ma of Key et al. (1989) was interpreted to reflect an early period of magmatic activity. The two xenocryst ages of c. 1020 and c. 1450 Ma from our study area may be related to a pre-Neoproterozoic basement that may have formed during the same event. The second age group, between 800 and 850 Ma (the Samburuan-Sabachian event of Key et al. 1989) , was interpreted as reflecting early Neoproterozoic magmatic emplacement and corresponds to ages of magmatic zircons and zircon cores from the Taita Hills, Sagala Hills Zone and Galana Shear Zone (Units 2-4). One RbSr whole-rock age of c. 622 Ma was interpreted as a metamorphic overprint during the East African Orogeny, termed 'Baragoian' (Key et al. 1989) . Several Rb-Sr whole-rock ages for granites and metadolerite dykes were within the period 540-590 Ma. This age group, related to a thermal event termed 'Barsaloian' by Key et al. (1989) , was found mainly in shear zones and matches the young ages found in the Galana Shear Zone and in east Galana. In analogy to our study area, we interpret these shear zones as major tectonic boundaries along which different crustal segments were amalgamated.
The Sm-Nd garnet-whole-rock tie-line ages of c. 570 Ma of Key et al. (1989) are similar to our Sm-Nd ages and, as in our case, are likely to reflect slow cooling. Similarly, the K/Ar biotite ages around 500-570 Ma date the post-orogenic cooling history in the Mozambique Belt. Shibata (1975) reported a Rb-Sr whole-rock age from migmatitic gneisses of c. 830 Ma for the Taita Hills, which corresponds to the granitoid activity documented by our zircon ages. Frisch & Pohl (1986) presented K/Ar biotite and feldspar cooling ages of 490-530 Ma and c. 460 Ma, respectively.
Regional implications
The tectonic and petrological differences found in the different units of our study area (Hauzenberger et al. 2004 ) and the region mapped by Key et al. (1989) are also reflected by the different age groups. These data can be interpreted in terms of two-phase Gondwana amalgamation. Meert (2003) defined his older PanAfrican orogeny as the 'East African Orogeny' where, in his view, an ill-defined collage of continental blocks including Madagascar were amalgamated with Africa. Later, during the Kuunga Orogeny of Meert (2003) , India collided with parts of Australia and Antarctica. The coeval collision of India with the previously amalgamated Congo-Madagascar-Bangweulu block formed the Malagasy Orogen around 550 Ma (Collins & Pisarevsky 2005) .
Our study area in SE Kenya was located close to southern Madagascar in a continental configuration prior to Gondwana break-up (Shackleton 1996; Reeves & De Wit 2000; Collins & Pisarevsky 2005) . The east Galana Unit with east-directed thrusting resembles the style of thrusting in central Madagascar (Collins et al. 2003a) where metamorphic ages of c. 550 Ma were reported (Kröner et al. 2000) . In addition, the sinistral Ranotsara Shear Zone transecting southern Madagascar (De Wit et al. 2001 ) may correlate with the sinistral Galana Shear Zone of our study area, which can be followed at least to central Kenya, north of Mt. Kenya (Key et al. 1989) .
We therefore conclude that a major tectonic boundary (crustal lineament) is preserved in our study area where two tectonometamorphic events are preserved. First, early collision occurred between Gondwana fragments, producing high-grade metamorphism at c. 640 Ma. Further collision associated with highgrade metamorphism occurred around 550-580 Ma, leading to final amalgamation of Gondwana. . It should be noted that young peak metamorphic and intrusion ages (,580 Ma) are found only in the Galana River sections (Units 1 and 2). This event was named the Barsaloian Orogeny by Key et al. (1989) , the Kuungwa Orogeny by Meert (2003) and the Malagasy Orogeny by Collins & Pisarevsky (2005) .
